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ABSTRACT 

This bulletin focuses on the role of 
computer-assisted instruction (CAI) in environmental education 
programs. The utility of this approach in helping students learn in 
the cognitive, affective, and/or psychomotor domains is examined and 
its effectiveness is compared to other instructional devices and 
methods. Major topics are organized and explained under 10 specific 
question headings. These are: (1) why computerized instruction?; (2) 
why computerized simulation?; (3) why simulate?; (4) why 
time-sharing?; (5) what materials became available?; (6) are 
energy-related CAI programs available?; (7) what are multi-user 
computer simulations?; (8) what are the impacts of microcomputers?; 
(9) have CAI materials proliferated?; and (10) what does research 
say? An extensive reference list is included (with ED numbers for 
documents in ERIC) . (ML) 
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_ Editor's Comments 

IXi This issue of the information bulletin 
series produced by the ERIC Clearing- 
house for Science, Mathematics and En- 
vironmental Education was prepared by 
Dr. John F. Dislnger, Associate Director 
for Environmental Education, w th the 
assistance of Dr. Rosanne W. Fortner, 
Assistant Professor of Environmental 
Education, School of Natural Resources, 
The Ohio State University. Papers by Con- 
rath and Mayer (1985), Helgeson (1982), 
and Schar (1983) were used for back- 
ground material. In many cases, ERIC 
abstracts published in Current Index to 
Journals In Education (CUE) or Resources 
in Education (RIE) provided the bases for 
descriptions of specific instructional ma- 
terials. Readers wishing copies of these 
materials should check their availability in 
the appropriate issues of CUE or RIE. 
Documents available from the ERIC 
Document Reproduction Services should 
be ordered from EORS, P.O. Box 190, 
Arlington, VA 22210, using the order forms 
found in each issue of RIE. 

New and developing technologies con- 
tinually challenge teachers— how can 
these unfamiliar tools be used to do a 
more effective job of teaching whatever it 
is that we teach? Or, what can be taught by 
the use of this tool which we have been 
unable to teach before? 

One challenge to the teacher is in 
learning to use the technology itself, is A 
best treated as a "black box/' or does it 
demand both practical and theoretical 
mastery? Another is an extension of this, 
what is the teacher's responsibility, in both 
the practical and ethical senses, in teach- 
ing students to develop competence with 
the new technology, both for immediate 
need and for longer-range purposes? 

This bulletin focuses primarily on a third 
aspect, arguably most important to the 
teacher in a specific field: how useful is 
this technology in helping students learn, 
in the cognitive, affective, and/or psy- 
1 1 chomolor domains, that which would or 
^ should be learned in some other manner if 
f ) thetechnology in question were not avail- 
''^'^'^ If it appears to be useful, what is the 
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advantage, if any, of the new technology, 
when compared to other available instruc- 
tional devices and methods? 

In terms of instructional context, the 
discussion below is limited to environ- 
mental education in its various facets. The 
particular technology addressed is that of 
computers. What is commonly called 
"computer-assisted instruction" (CAI) is of 
primary concern here; "computer-man- 
aged instruction" (CMI), which deals with 
concerns such as measurement and 
evaluation of instruction (Wagner, 1983) 
and management of records such as stu- 
dent absenteeism and grade files (Man- 
dell, 1982) is at most a peripheral part of 
this discussion. 

Why Computerized Instruction? 

The earliest uses of computers m edu- 
cational settings were much the same as 
in many other areas— record-keeping, 
scheduling, and other aspects of adminis- 
trative support Through the early 1970s 
computers were large and in effect pro- 
hibitively expensive, which severely 
limited their instructional uses. Mills (1 984, 
p. 1 52) has pointed out that three forms of 
computerized instruction have developed, 
drill and practice, tutorial, and simulation. 
Of them, the continually popular tech- 
nique of simulation, role-playing and 
otherwise, early on became associated 
with computer usage because of the data- 
handling capabilities of early computers. 

It IS important to remember that gaming 
and simulation are instructional tech- 
niques in themselves, whether computer- 
associated or not. A substantial history 
and literature have been developed in the 
area. For the environmental educator, the 
attraction of simulation, particularly of the 
role-play variety. Is that it at least attempts 
to involve participants in situations which 
approach those of the real world, because 
environmental concerns are in fact real- 
world concerns. 

The role of the computer in simulation 
is, as suggested above, that of a data 
processor. Generally, non-computer sim- 
ulations are limited in their capabilities 
with respect to data management; thus, 
the involvement of the computer can add a 
dimension of reality, or an approach to 
reality, as it enhances opportunities to 
deal with real, or perhaps realistic, data. 
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Why Computerized Simulation? 

In 1966, the U.S. Public Health Service 
awarded a grant to the University of 
Southern California to develop a role- 
playing, computer-supported simulation 
in support of its Air Pollution Control 
Institute curriculum, for the purpose of 
training administrators of the Federal 
Clean Air Act. "It was felt that student 
comprehension would be significantly in- 
creased by the opportunity to relate 
course material to vital, changing circum- 
stances, and to test the probable effects of 
alternative administrative decisions on 
typical problems through the simulation 
exercise" (James, 1977, p. 184). The pro- 
ject was named COMEX (Computer 
Exercise). 

The first product developed under this 
grant was COMEXOPOLIS, a modification 
of Duke's (1964) computerized urban 
planning game, METROPOLIS. The modi- 
fication incorporated air pollution subject 
material into the context of an urban- 
oriented man-machine simulation. In 
1 969, the COMEX project cooperated with 
the Environmental Simulation Laboratory 
at The University of Michigan in the de- 
velopment of the APEX simulation-game 
(Air Pollution Exercise). 

APEX evolved into a computer- 
ized gaming simulation which in- 
cluded two main components, a 
simulated environment and certain 
gamed roles each with several sub- 
parts and the essential links which 
tie the system together. In APEX, the 
key simulation is a metropolitan 
area with data and models repre- 
senting the physical environment, 
which includes both the public and 
private sectors. Within this model 
environment are the gamed roles. 
The two parts are linked together by 
computer printout which represents 
both the inputs of the participants' 
decisions as well as the simulated 
environment (U.S. Environmental 
Protection Agency, 1974 p. 33). 

As originally designed, the APEX and 
similar simulations required large, mam- 
frame computers. From 18 to 75 in- 
dividuals can participate m this simulation, 
normally, a minimum of five four-hour 
sessions is recommended for meaningful 



learning. Each participant (or, depending 
on the number of participants, each group 
of participants) takes the part of a com- 
munity decision-maker in the public sec- 
tor {city council, county supervisor, en- 
vironmental management specialist, re- 
gional planner, etc.) or in the private sector 
(industrialist, developer) and makes de- 
cisions v/hite responding to situations 
which, it is hoped, are realistic; each 
session represents one year. Decisions 
made by individuals or by teams may or 
may not be compatible with one another; 
the computer's task is to evaluate how 
these decisions interact with one another 
, and an extensive "factual" data base then 
predict probable outcomes. An intriguing 
feature is that, as participants progress 
from session to session (I.e., from "year" to 
"year"), they must deal increasingly with 
situations created by their own decisions 
and those of their co-participants. The 
APEX simulation has been used tor col- 
lege and university studies and as a train- 
ing device for professionals In environ- 
mental management areas. 

Another computer-assisted simulation 
model designed to be used in the study of 
complex "real-world" interactions and 
associated consequences of public and 
private decision-making is the CITY model 
(House, 1970). In a manner similar to that 
of APEX, the CITY model involves its 
participants in the management of a simu- 
lated city. In the CITY III version, from 30 to 
200 participants play roles in "running" 
one of five cities with populations ranging 
from 10,000 to 1,500,000. Yet another 
large-scale computer simulation is the 
River Basin Model (Envirometrlcs, 1971). 

In these and similar large-scale, main- 
frame computer simulations, the partici- 
pants themselves need have no direct 
contact with the computer. In fact, it is 
pedagogically best that they do not, since 
the input of all participants is needed 
before the computer analyzes the data. 
Thus, participants must make their de- 
cisions advisedly, because they will have 
to "live" with them (in a simulated sense, of 
course) for at least a year (i.e., one ses- 
sion). Thus, the function of the computer is 
to process large quantities of data for the 
use of participants as they function in their 
roles of community decision-makers. The 
data themselves are generated by the 
same participants in response to situa- 
tions prescrit)ed by the simulation in terms 
of its baseline data. 
Why Simulate? 

The APEX, CITY, and River Basin 
Models are in fact textbook-style exam- 
ples of why those involved in environ- 
mental education make frequent use of 
simulations. All are dynamic models; their 
dynamic qualities allow for the incorpora* 
tion of processes, enabling the introduc- 
tion and manipulation of alternative 
courses of action. As stated by McLean 
(1973, p. 376): 

Simulation-game models are excel- 
lent vehicles to demonstrate the 
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interrelationships between interdls- 
cipimary environmental concepts. 
Such models actively involve 
children and develop positive and 
logical attitudes on the causes and 
effects of misuse of the environmen - 
tal system. 

Direct experience is generally accepted 
as the best learning device, but the com- 
plexities of environmental concerns are 
such that direct learning is frequently not 
possible. For one thing, there may be too 
much riding on an unknown or poorly 
understood process to allow manipulation 
of real- world variables in real-world situa- 
tions. In the same vein, the learner's lack of 
experience makes it difficult to allow him 
or her real-world decision-making oppor- 
tunities. Thus, the rationale for using 
simulations in educational setting is 
based on the assumption that they are 
good alternatives for direct experience 
(Bork and Franklin, 1979, p. 17). A more 
extensive list of reasons why direct exper- 
iences cannot always be employed was 
furnished by Visich and Braun (1974. pp. 
4-7): 

1. the necessary equipment Is not 
available because of the expense, or 
it is too complex or delicate to permit 
students to use it; 

2. the sample size available in the real 
world is too small to permit gen- 
eralization; 

3. the experimental technique is diffi- 
cult and must be developed over an 
extended period; 

4. there are serious dangers to the 
student; 

5. the time scale is too shorter too long 
to permit the student to make ob- 
servations; 

6. the opportunity to experiment direct- 
ly is not available; 

7. It IS sometimes desirable to measure 
variables which are difficult to 
access; 

8. measurement and other noise may 
obscuie the important phenomena; 
and 

9. there are times when it is useful to 
underscore the significance of 
natural laws by comparing their re- 
sults with other laws. 

Flake (1974, p. 3) identified the four 
basic components of any simulation as 
1. an abstraction of an environment; 
2 a series of rules for how the model 
behaves or the models interact; 

3. the freedom for the participant to 
interact with the simulation to de- 
velop strategies; and 

4. "reality feedback." 

According to Flake, the first two com- 
ponents are the actual simulation, while 
the other two are the factors providing 
motivational character by adding a gam- 
ing aspect which makes the activity come 
alive— that is, approach reality. Thus, by 
use of simulations in educational settings. 



students can: 

1. investigate a wide range of signifi- 
cant expenments within a reason- 
able time frame, 

2. visualize conceptual relationships, 

3. change relationships and obser^/e 
the results; 

4. exercise and develop their own 
judgment and witness properly and 
without penalty the results of their 
decisions; 

5. experiment without the usual frustra- 
tions of comp'.ex laboratory tech- 
niques, wher^ the concept is the 
primary goal; 

6. manipulate phenomena and laws to 
their own satisfaction; 

7. control the learning environment in- 
stead of observe it; 

8. focus on those aspects which are of 
prime concern; and 

9. study more content m a course with- 
out limiting depth or increasing the 
time burden on the student (Rubin 
and Geller. 1977, pp. 91-92). 

Crawford and Purcell {1974, pp. 43-44), 
in applying such goals as those listed 
above to environmental education, sug- 
gested that the educational goals of 
simulations relating to environmental 
concerns are to: 

1. provide opportunity for participants 
to interact with a cross-section of 
society; 

2. experience exposure to many aca- 
demic disciplines; 

3. realize that problems are complex 
and based on values; 

4. expenment with modes of negotia- 
tion (be taught to compromise); and 

5. become aware of actions and see 
the consequences. 

Why Time-Sharing? 

The magnitude of computer simulations 
such as APEX, CITY, and the River Basin 
Model assures their impracticability for 
most instructional situations; they require 
too much instructional time, too much 
computer time and capacity, too much 
staff support, and too much sophistication 
on the part of both instructor ard partici- 
pant to be of general use. To use them as 
designed, mainframe computer access 
must be readily available, and such is not 
the case for most Instructional situations. 

Rapid advancement In the use of com- 
puter simulations for instructional pur- 
poses was promoted by the development 
and institutionalization of computer time- 
sharing options In the late 1960s. Batch 
processing of data cards was readily 
adaptable to numbers of users sharing the 
same mainframe computer; a modification 
using telephone lines to input data fol- 
lowed logically. In the latter type of time- 
sharing, a number of "users" subscribe, or 
otherwise gain access, more or less on a 
demand basis, to time, space, and pro- 
gramming capabilities of a mainframe, or 
perhaps a mini-, computer Access is 
frequently, and often most conveniently, 
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accomplished via teiephcne hookup 
through a "dumb terminal" (one which has 
no computing capability of It^, own, .out Is 
designed to act as an intermeJiar> 
between a "usfr" at one point and a 
computer at another) The computer itself 
can be anywhare, so !ong as a compatibl-j 
hookup is 'ivailable This a .angemt.^t 
continues \) common usage for a nu. ibei 
of commorical or quasi-commercial ap- 
plications such as access to large data 
bases of the ERIC var'Sty, but it is no 
longer the most common purveyor of 
instructional simulations. 



A number of instructional simulations 
develoosd from the models of Forrester 
(1971) and Meadows, et al. (1972) made 
use of telephone hookups to mainframe 
computers. WOflL/CS (Haller, 1972) pro- 
vides an example of a multiple variable 
person-hfiachine simulation in which the 
student participant attempts to achieve a 
global equilibrium while manipulating the 
variables of the Forrester model, because 
the basic model is in effect Malthusian, 
equilibrium is difficult to attain. 

What Materials Became Available? 

Among computer simulations useful in 
environmental education settings which 
involve, or may involve, time-sharing op- 
tions is a set developed by the Huntington 
Computer Project at the State University of 
New York at Stony Brook, under sponsor- 
ship of the National Science Foundation. 
Materials associated with these simula- 
tions have been distributed commercially 
by Digital Equipment Corporation. The 
programs themselves were written in 
BASIC. Titles in the series are briefly 
described below. 

POL^rOraun, etaL 1971a and 1971b) 
is a program providing a simulation of the 
interaction between water and waste 
which creates a context within which the 
user can control specific variables which 
affect the qua' ty of a water resource. 
Output is in both tabular and graphic 
forms. Flowers (1980) described his ex- 
periences in using \Ms program with high 
school biology students, while Chalmers 
(1981) used this simulation as his primary 
example in a discussion of the develop- 
ment of computer activity In environmental 
education in New Zealand. 

BUFLO (Braun and Friedland, 1 974), is a 
simulation which allows students to study 
the historical and biological reasons for 
the near extinction of the American bison. 
BUFLO simulates the natural life cycle of 
the bison and allows the student to 
manipulate harvesting policies to reach 
goals outlined in a student handbook. 

Af/4Mfl (Friedland and Frishman, 1973) 
is a computer program which deals with 
malaria and its eradication, allowing the 
senior high school student to attempt to 
control, through manipulation of appro- 
priate variables, a simulated malaria 
epidemic. Provided is a context within 
which to study the biological, economic, 
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social, political, and ecological aspects of 
a classic A'crlJ health problem. 

PH (Fr'eUiand, 1973a), a computer pro- 
gram co;» 'St' 'g of three different labora- 
tory investigations dealing with the pH 
specificit. of enzymes was designed to 
allow t lon school students to determine a 
K^i/w.»^le explanation for pH specificity in 
an experimental, mathematical fashion. 

POP (Braun and Fnedland, 1973) was 
designed to allow a student with little 
mathematical background to explore 
various simple mathematical models of 
population growth. Student exercises re- 
volve around the growth of a gypsy moth 
populat on. Three variations of population 
modu ig are included. POP 1, simple 
exponer lal growth, POF- 2, including an 
envir^nfnental limiting factor; and POP 3, 
which includes both an environmental 
limiting factor and other modifications. 

fl/4rs (Frishman, 1974) is a model simu- 
lating the dynamics of a rat population m 
either a city or an apartment house. The 
student controls the conditions of growth 
and se'is the points at which the computer 
program prints reports. The rat population 
IS controlled by variables including gar- 
bage levels selected for the site, and types 
and quantities of poison applied. At the 
conclusion of the simulation, the program 
prints details concerning the nature of the 
rat population, the dollar value of damage 
done by the rats, cost of poison, and 
amount of poison left uneaten. 

TAG (Friedland, 1973b), a model for 
estimating animal population in a given 
area, asks the student to estimate the 
number of bass in a simulated farm pond, 
using the technique of tagging and re- 
covery. The objective of the simulation is 
to teach principles for estimating animal 
populations when they cannot be counted 
directly or when counting would disturb or 
harm the animals. 

USPOP (Friedland, 1973c) Is a human 
population model in which variables af- 
fecting Ihe population dynamics of the 
United States may be manipulated. Base- 
line data are drawn from the 1 970 census. 
Variables which can be manipulated in- 
clude fertility, age of mother at birth of 
child, sex ratio of offspring, and age- 
dependent mortality. 

The University of Illinois PLATO com- 
puter system has been involved in com- 
puter-assisted instruction in many 
educational areas for a number of years. 
One PLATO program (Klaff and Handler, 
1975), the Population Dynamic Group, 
involves computer-generated visual 
graphics which enable fast and intuitive 
understanding of the dynamics of popu- 
lation and of the concepts and data of 
population. Basically, the program is a 
population projection model designed to 
forecast the populations of more than 120 
countries, based on either constant or 
changing 1970 demographic parameter 
assumptions. Basic data include 1970 
total population, age composition cato- 
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gonzed into 18 five-year intervals, age- 
specific fertility rates, and a cohort spe- 
cific mortality rate schedule. Other pro- 
grams in the series contribute additional 
parameters, including economic devel- 
opment, educational development, food 
demand and supply, energy demand, labor 
force analysis, migration and urbanization, 
population histo.-Y, and birth control use. 
Are Energy-Related CAI 
Programs Available? 

A set of five energy-related computer- 
assisted instruction programs were de- 
veloped as units of instruction by the 
Northwest Regional Educational Labora- 
tory (NREL) in the middle 1970s under 
sponsorship of the National Institute of 
Education, as Computer Technology Pro- 
gram Environmental Education Units. In- 
cluded were: 

Coniume (NREL, 1975d, 1975e), a i»nit 
exploring U.S. energy consumption in 
terms of growth in demand, problems 
associated with converting and distribut- 
ing energy, new energy sources, and 
transportation and energy consumption: 

Energy (NREL, 1 975f, 1 977a), simulating 
the pattern of energy consumption In the 
United States, the demand for energy is 
shown to grow exponentially in each 
sector— industrial, transportation, utilities, 
and so on; students are asked to balance 
supply of energy with demand by adjust- 
ing factors in each sector; 

Attitudes (N REL, 1 975b, 1 975c), dealing 
with the attitude of people toward gasoline 
shortages and different steps that 
government might take to reduce gasoline 
consumption; students consider methods 
of reducing sjch consumption, explore 
the attitudes of people toward these 
methods, learn that people's attitudes dif- 
fer, and form and express their own atti- 
tudes; 

Earth (NREL, 1975a, 1977b), organized 
around a comuterized data base of infor- 
mation related to global energy use; the 
data areorganized on a country-by-coun- 
try basis for the 83 largest countries in the 
world; for each country, data are stored on 
24 variables such as use and production 
of energy, per capital income, energy 
reserves, etc.; students are guided through 
a series of Inquiries into the data base; 

Future (NREL 1977c, 1978), exploring 
the thirteen main energy-related decisions 
proposed in President Ford's 1975 State 
of the Union Address by simulating the 
effects of any combination of the deci- 
sions on energy supply and consumption, 
on domestic production and reserves, and 
on pollution. 
What Are Multi-User 
Computer Simulations? 

A multi-user interactive computer simu- 
lation (MICS) can provide input from a 
number of participants at one time, sum- 
marizing interacts and sharing results 
simultaneously with all participants. Ac- 
cording to Mills (1984, p. 152), *1n addition 
to simultaneous group Interaction, a MICS 
models situations where relevant en- 



vironmental concepts and issues are con* 
sidered objectively in the absence of ex- 
cessive emotional bias common to local 
site-specific . . . issues. Emotional in- 
volvement IS present, but not to the extent 
that it interferes with consideration of 
rational objectives/' 

Using an MICS format dealing with 
energy resources and an Energy-En- 
vironment Simulator provided by the U.S. 
Department of Energy, Dunlop (1979) 
studied the effect of simulation on in- 
service teacher energy-related attitudes. 
He found that elementary teachers" at- 
titudes changed to a greater extent than 
did those of secondary teachers, leading 
to the suggestion that a lack of initial 
awareness of issues involved may have 
accounted for the greater shift. Fazio 
(1979) described a mini-course on energy 
and environment for non-science majors 
m a liberal arts seeing wherein the same 
simulator was used to provide the student 
with a background on energy and en- 
vironmental problems. Cartwright and 
Heikkinen (1981), also using the same 
device, found that it was more effective 
than a slide presentation with respect to 
the development of energy concepts and 
attitudes of college students at various 
levels of cognitive development, and that 
students at lower stages of cognitive de- 
velopment learned almost as much as did 
more cognitlvely mature students. Other 
reports describing the use of the Energy- 
Environment Simulator have been pub- 
lished by Sell and Van Koevering (1981a, 
1981b) and by Zielinski and Bethel (1983). 

Two reports of a similar device being 
used as a water resources management 
simulator have been published. Amend 
and Armold (1983) described its use in a 
program designed to improve public 
awareness/understanding of major fac- 
tors in managing water resources, placing 
lay people and teachers in decision-mak- 
ing situations involving real variables and 
alternatives, then projecting for ihem the 
probable consequences of their water 
management sLategies. Mills (1984) found 
the water resou'^ces management simu- 
lator to be an effective water information 
dissemination tool, particularly at the 
senior high school and adult levels, as 
well as an effective method of increasing 
concern for water issues. This simulator 
offers a visual model of hydrologic infor- 
mation and provides up to 30 participants 
at one time the opportunity to deve lop and 
evaluate water management strategies. 
What Are the Impacts of 
Microcomputers? 

It was not until computers became 
available on a classroom basis, rather 
than a time-share basis, that general 
interest in them as instructional devices 
developed (Naiman, 1982). As stated by 
Helgeson (1982, p. 1): 

With the development of integrated 
circuitry and the silicon chip, com- 
^ outers shrank in size and cost. The 
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appearance of the microcomputer 
for personal and general use in 
1977 brought about an immediate 
surge of interest among educators 
. . . The microcomputers were port* 
able and could be placed m the . . . 
classroom where they were needed. 
They were reliable; if they malfunc- 
tioned, they did not wipe out every- 
one's work. 

The microcomputer provides a clear 
example of what happens when a tech- 
nology develops fdbier than does demand 
for it. Apparently overnight, the technol- 
ogy—the hardware— existed, it was im- 
mediately apparent that many more uses, 
and much greater potential demand, were 
possible than had at that point in time been 
identified. The rhetorical question is 
obvious, what uses, and markets, might be 
developed? An ensuing question is no 
less logical, is education an area, and 
potential market, for this new technology? 

Luerhmann (1982, p. 14) notod the po- 
tential educational benefits of the com- 
puter as follows: 

The computer is unique among in- 
formation technologies in that it 
permits intelligent interaction with 
the learner. All previous information 
technologies have been one-wav 
paths for distributing facts and ideas. 
This IS true of printed books, audio 
recordings, and broadcast or re- 
corded television. The computer 
alone permits the learner, at his own 
pace, to interact with his efforts— to 
construct a correct algorithmic 
representation of the problem— or 
with a teacher's programmed dia- 
logue. The computer is also unusual 
in that an individual can learn to use 
it constructively as an aid to con- 
ceptualizing and solving problems. 
As Ingoidsby pointed out several years 
ago (1978), the cost of micro-computers 
was relatively low and generally tended to 
remain constant or even to decline as 
computer power increased. This still true; 
because their cost has been low enough 
to make it possible at least to consider 
equipping classrooms with microcompu- 
ters, and distributors have actively pro- 
moted sales to educational institutions 
across the grade-level spectrum, pre- 
kindergarten through graduate studies, in 
part by aggressively promoting the devel- 
opment of software which, as it becomes 
available, assists in creating demand for 
their hardware. A survey reported by In- 
gersoll (1983) indicated that in 1981-82, 
microcomputers were located in one-third 
of the schools in the United States. 

Have CAI Materials Proliferated? 

The next section of this bulletin bnefly 
reviews a number of computerized in- 
structional materials which have been 
reported through the ERIC system during 
the past several years, with the range of 
selection limited to topics of interest to 
those involved in environmental educa- 



tion. These titles are in addition to those 
simulations described above. Most, 
though not all, were designed for micro- 
computer usage, it is probable that the 
others are generally adaptable to it. aMso 
generally, the entries below are in chrono- 
logical order. 

An adaptive landscapes simulation 
(Hull, 1978) was designed to be used by 
post-secondary students to construct 
adaptive landscapes of two types as an 
illustration of the expected effects of se- 
lection. This program simulates effects of 
selection on populations and changes of 
gene frequency, both of which can be 
plotted on the same contour map. 

A report of a CAI approach to population 
dynamics (Boyle and Anderson, 1978) 
contains two computer packages which 
augment laboratory experiments in which 
the effects of random variables on popula- 
tion processes may be explored. 

A set of simulation models for use in 
teaching population dynamics, designed 
specifically for use with a programmable 
pocket calculator, can be used to demon- 
strate growth of populations with discrete 
or overlapping generations and also to 
explore effects of density-dependent and 
density-Independent mortality (Kidd, 
1979). 

The development of a mathematical 
model to simulate small animal popula- 
tions was reported by Grier (1980). The 
paper discusses assumptions of the 
model and options in the program. 

Wu (1 980) developed several innovative 
and interesting energy awareness com- 
puter simulations to demonstrate how 
rapidly world energy reserves ^re de- 
pleted, how quickly and enormously the 
demand for energy grows, and the im- 
portance of energy conservation and 
conversion. 

An International Futures (IFs) com- 
puter-assisted simulation game for use 
with undergraduate students consists of a 
global model representing the world in ten 
regional groupings, and deals with the 
issues of the rapid acceleration of global 
population growth, the uncertainty of food 
sufficiency, the degradation of environ- 
mental quality, shortages of resource 
(especially energy) availability, and the 
persistent gap between the global rich 
and poor (Hughes, 1981a, 1981b). The 
model, which has over 2000 variables, 
includes four major submodels: popula- 
tion, economics, agriculture, and energy. 
Each submodel separately represents 
each region. 

Hayes and Allard (1981) reported on the 
effectiveness of an interactive computer- 
based instruction designed to give college 
students experience with exploratory drill- 
ing, as compared to a previously used 
field-oriented simulated exploration pro- 
gram. Their report discusses the devel- 
opment, operation, and implementation of 
the computer program. 

Mayer, et al. (1981) developed a com- 
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puter program to accompany a marine 
education program dealing with PCBs in 
fish; the program allows the student to 
Input data on PCB content in fish provided 
in the activity, then generates graphs of 
that data, thereby assisting the student in 
its Interpretation. 

After outlining the difficulties of teach- 
ing climatology within an undergraduate 
geography curriculum. Unwin (1981) 
described and evaluated the use of a 
computer assisted simulation to model 
surface energy balance and the effects of 
land use changes on local climate. 

Gelovan (1981) proposed a problem- 
oriented, man-machine modeling process 
which combines algorithms and software 
to assist decision-makers and planners in 
dealing with complex socioeconomic is- 
sues. His paper includes the specific parts 
in each of the system's three basic ele- 
ments—a library, special units, and sys- 
tem-control units. 

A computer simulation, Energy Starch, 
in which elementary school students 
manage their own factories has been 
described by Whittredge (1982). Provided 
are an example of typical classroom inter- 
action and commentary on the nature of 
good computer simulations, described as 
those that teach skills and create an 
environment encouraging students to 
work together toward a common goal 

Considerations relative to microcompu- 
ter use with special populations of stu- 
dents, in this case hearing-impaired col- 
lege students, are presented by Wilson 
(1982) in his discussion of a high-verbal- 
content "Energy and the Environment" 
couse. The three models presented illus- 
trate the complexity of problem-solving 
and moral issues. 

A rationale for and description of an 
acid rain game designed for two players, a 
problem-solving model for elementary 
students, has been developed by Rakow 
and Glenn (1982). The game is available 
both in computer-supported and non- 
computer formats. 

A computer simulation game of the 
interpretive planning process, Interp 
(Macko, 1982) was developed to demon- 
strate the power and uses of computers to 
students of environmental interpretation, 
show the use of computers for modeling in 
the realm of environmental interpretation, 
and show the use of computers as learn- 
ing tools for students of environmental 
interpretation. The object of the game is to 
draw up the best possible interpretive plan 
while working within the constraints Im- 
posed by a budget, deadline, and three 
components of interpretation— site, or- 
ganization, and visitor. 

As part of a paper describing computer 
programming for elementary and second- 
ary school students, Canipe (1982b) pro- 
vided complete listings of two programs. 
Light Bulb and Blastoff, written in Apple- 
soft Basic. 
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A cc.nputer game designed to teach 
energy conservation concepts to upper 
elementary and junior high school stu- 
dents is Groucho (Canipe, 1982a). The 
game utilizes low-resolution graphics to 
reward students for correct answers to 
questions presented. The opportunity 
exists for teachers to include their own 
questions within the program and to use 
the graphics as positive reinforcement for 
correct responses. 

Software developed for a course in 
which undergraduate students learn to 
program microcomputers while learning 
about their applications and ramifications 
includes "yellow light" (traffic flow), "do- 
mestic electrical energy use/cost," "water 
pollution," and "supermarket automation." 
(Liao, 1983). 

A computer-assisted environmental 
education game Terra, designed to en- 
courage lower-ability high school stu- 
dents to think at their own level about the 
future of their world, contains four pro- 
grams—Terra Firma, Terradactyl, Infla- 
tion, Doubles (Watson, 1983). It is based 
on the Meadows, et al. Limits to Growth 
model (1972). 

A computer program which is based on 
field observations of littoral zonation modi- 
fied by a small stream has been described 
by Kent (1983). The program employs 
user-defined color graphic characters to 
display simulated ecological maps repre- 
senting the patterning of organisms in 
response to local vaiues of niche limiting 
factors. 

An Interdisciplinary college-level pro- 
gram which uses computer simulation 
exercises to teach about foreign policy 
and global issues provides opportunity for 
political science and foreign language 
students to role-play national decision- 
makers (Wilkenfeld, 1983). In this simula- 
tion, students debate demographic, eco- 
nomic, energy, and agricultural issues. 

Geyer (1983) suggested that computer 
programming can bring about an under- 
standing of several biological concepts 
which, because of their arithmetic implica- 
tions, are often considered to be difficult. 
Population growth is used to illustrate his 
proposal, in which computing and the 
study of the topic at hand are integrated. 

A course outline, including computer- 
ized simulation exercises designed as in- 
class activities related to science and 
society interactions, has been provided by 
Maier and Venzani (1984). Simulations 
focus on the IQ debate, sociobiology, 
nuclear weapons and nuclear strategy, 
nuclear power and radiation, computer 
explosion, and cosmology. Research re- 
ported indicates that learning improves 
when students take active, rather than 
passive, roles. 

A middle school global studies course 
focusing on the developing world uses 
computers to show students how data can 
be used to understand phenomena 
(Traberman, 1984). Students secure data 
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for one or two countries and, using the 
programming language APL, create 
tables, make maps, visuals, and graphs, 
and manipulate computer-generated 
models. 

An interactive computer progranr) 
modelling the colony dynamics of a social 
insect, the honeybee, has been described 
by McLellan (1983). Included is a program 
listing for PET microcomputers, in BASIC. 

A Civil Servant Module, a new com- 
ponent of a Global Systems Simulation, is 
presented in a paper by Valadez (1983). 
The simulation is described as a compre- 
hensive person-computer model for in- 
vestigating international affairs, and deals 
with its telecommunication capability, 
logistics, functions, spatial flexibility, and 
advantages, as well as implications for 
applying the simulation as a research and 
educational tool. 

Software packages on energy topics 
under development by the National 
Science Teachers Association's Project 
for an Energy-Enriched Curriculum 
(PEEC) have been described by Hall 
(1984). Although all are intended primarily 
for grades 7 to 12, some are also appro- 
priate for higher education. Program 
topics include power plant engineer, 
energy conversions, personal energy in- 
ventory, temperature grapher, home 
energy savings, and electric bill. 

A computer-based Wilderness Simula- 
tion Model (Manning and Potter, 1984) 
reduces the complexity of the outdoor 
system under study, allows students to act 
as managers (devising and testing their 
own management strategies), and in- 
creases student exposure to characteris- 
tics of actual park and wilderness areas. 
Two scenarios of recreationa' use pat- 
terns are analyzed. 

An interactive optimization computer 
game for training resource managers 
(Rago, 1984) involves the user in playing 
the role of an environmental consultant to 
an electric utility company. Key compo- 
nents of a typical resource management 
conflict and techniques for determining 
optimal solutions through linear program- 
ming are discussed. 
What Does Research Say? 

To date, there has not been a great deal 
of "formar* research directed toward the 
effectiveness of computer utilization as an 
instructional technique. This is, of course, 
often the case when something new 
comes along— practitioners use it, and (as 
It becomes clearer that the "something 
new" IS not likely to be a fly-by-night fad) 
researchers eventually investigate it. 

Over the years, several studies have 
examined students' attitudes toward CAI. 
In 1970, Mathis, et a/., found that college 
student?' who experience CAI demon- 
strated a positive attitude towaid this in- 
structional technique. Similar results were 
noted in a 1967 study reported by 
Schwartz and Long. A study of King (1 975) 
concluded that computer-based instruc- 



tion is not a threat to humar ization, and 
that it can provide opporlw.lties for in- 
creasing effectiveness and personaliza- 
tion of the instructor-student relationship. 
A 1 984 study by Fortner and flayer detec- 
ted no difference in attitudes toward the 
use of computers versus workbooks, but 
did find that students using computers 
exhibited a nr«ore stable attitude toward 
them over time. This suggests that such 
use provides students with a realistic 
attitude toward the value of computers in 
learning. 
Cox (1980) determined that. 

1 junior high school students can 
improve in problem - solving skills in a 
short time on a microcomputer, 

2. a training session in organizing 
data Into a matrix was successful in 
introducing a usable new strategy, 

3 individuals worked better in 
teams than alcne; 

4. subjects were just as motivated 
when sessions were more infrequent; 

5. influence of group interaction 
enabled subjects of all abilities to 
participate successfully in problem 
solutions; 

6. all subjects adapted easily and 
quickly to the use of a microcom- 
puter; 

7. subject interest remained high 
regardless of achievement or vari- 
ances of Individual characteristics; 
and 

8. microcomputers can be consid- 
ered a viable, motivating aid for the 
development of some problem-solv- 
ing skills of early adolescents. 

Cox and Berger (1 981 ) expanded on the 
motivational aspects noted above in a 
paper published in Science and Children, 
Research examining the effectiveness 
of CAI in increasing levels of achievement 
as compared to other forms of instruction 
generally produces positive r<»sir!ts, Fo 
example, Schar (1983) reported a statis- 
tically higher factual recall for post- 
secondary students exposed to computer 
simulations compared to students not so 
exposed. However, no significant differ- 
ences in conceptual understanding of 
interrelationships between and among 
natural resources and populations, indus- 
trial growth, food production, and/or pol- 
lution were noted. 

Because studies evaluating the effec- 
tiveness of CAI in the classroom are con- 
ducted in a variety of settings with a large 
number of confounding variables, their 
results are difficult to generalize. Some 
positive relationships between computer 
use and student attitudes were noted in a 
meta-analysis by Kullk, et al. (1983); the 
same report suggests that computers ap- 
pear to be at least as effective as more 
traditional forms of instruction in affecting 
student achievement. 

A number of cautions are appropriate as 
the educational community, including en- 
vironmental educators, becomes increas- 
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ingly involved in computerized education. 
Crovello (1982) points out that computer 
software should be evaluated by teachers, 
students, or administrators before and 
after (ongoing) purchase, and that reliable 
evaluations are performed only in {he 
educational context in which students will 
be using the computer. Cohen (1980) has 
described the procedures for writing and 
developing educational simulations on 
computer?, and briefly discusses the fu- 
ture for the educational simulation devel- 
oper in computer simulation. 

It IS clear that opportunities for addi- 
tional research and evaluation m com- 
p uter-related areas of iristruction abound, 
and will be seized. Practitioners face the 
necessity of deciding, on a much more 
personal, local level what their own uses 
of computerized instruction will be. Over a 
period of several years, it should be pos- 
sible for the two groups to combine their 
interests and needs. 

References 

Amend, John R. and Anita A. Armold. "A 
Public Education Prog;am in Water 
Resources Management." Journal of 
Geological Education 31(5):362-368, 
November 1983. 

Bork, Alfred and Stephen D. Franklin. "The 
Role of Personal Computer Systems in 
Education." Association for Educa- 
tional Data System Journal 12(iyA44- 
152,1979. 

Boyle, J.D. and J.M. Anderson. "A CAI 
Approach to Population Dynamics." In- 
ternational Journal of Mathematical 
Education in Science and Technology 
9(4):467-476, November 1978. 

Braun, Ludwig and James Friedland. 
Huntington II Simulation Program- 
BUFLO: Student Workbook, Teacher's 
Guide, andResouce Handbook. May- 
nard, hAA: Digital Equipment Corpora- 
tion, 1974. ED 179 411. 

Braun, Ludwig and James Friedland. 
Huntington II Simulation Program- 
POP: Student Workbook, Teacher's 
Guide, and Resource Handbook. May- 
nard, MA. Digital Equipment Corpora- 
tion, 1973. ED 179 414. 

Br^un, Ludwig and others. Huntington II 
Simulation Program-POLUT: Resource 
Handbook. Maynard, MA: Digital Equip- 
ment Corporation, 1971b. 

Canipe, Steven L. Groucho: An Energy 
Conservation Computer Game. 1982a. 
ED 223 451. 

Canipe, Steven L Tying into Computers. 
1982b. ED 221 371. 

Gartwright, Dennis D. and Michael W. 
Heikkinen. Developing Conservation 
Attitudes and Energy Concepts in Indi- 
viduals of Various Cognitive Levels, 
Using the Energy-Environment Simu- 
lator. A paper presented at the annual 
meeting of the Northwest Scientific 
Association, Corvallis, OR, March 1 981 . 
ED 201 486. 



Chalmers, Lex. Environmental Education 
and Computer Simulation in New Zeal- 
and. ' Simulation Games for Learning 
11(2).55-67, Summer 1981. 

Cohen, Eli. The Future and Educational 
Computer Simulation, Davis, CA. Uni- 
versity of California-Davis, Teaching 
Resources Center, 1980. ED 190 118. 

Conrath, Melissa M. and Victor J. Mayer. 
Minicomputers in Marine and Aquatic 
Education." Accepted for publication 
m Current, The Journal of Marine Edu- 
cation, Spring 1985. 

Cox, Dorothy Anna Howard. "Early Ado- 
lescent Use of Selected Problem-Solv- 
ing Skills Using Microcomputers. ' 
Ph. D. dissertation, The University of 
Michigan. 1980. ED 200 449. 

Cox, Dorothy and Carl F. Berger. "Micro- 
computers are Motivating." Science 
and Children 19(1).28-29, September 
1981. 

Crawford, Eugene and Terry Purcell. 
"Simulation Games on Environmental 
Concerns." Journal of College Science 
Teaching 4{iy.43-44, ^97^. 

Crovello, Theodore J. "Computer Center. 
Computer Software Evaluation: Who, 
When, Where, Why?" American Biology 
Teacher 44(7):429-433,446, October 
1982. 

Duke, Richard D. Gaming -Simulation in 
Urban Research. East Lansing, Ml: 
Michigan State University, 1964. 



7 




® 



ERIC CLEARINGHOUSE FOR SCIENCE. 

MATHEMATICS. AND ENVIRONMENTAL 

EDUCATION 

12CX) Chambers Road 

Columbus^ Ohio 43212 

A JOINT PROJECT OF THE NATIONAL 
INSTITUTE OF EDUCATION and 
THE OHIO STATE UNIVERSITY 

This newsletter was prepared 
pursuant to a contract with the Na- 
tional Institute of Education, U.S. 
Department of Education. Con- 
tractors undertaking such projects 
under government sponsorship 
are encouraged to express freely 
their judgment in professional and 
technical matters. Points of view or 
opinions, however, do not neces- 
sarily represent the official views 
or opinions of the National Insti- 
tute of Education. 

Patricia E. Blosser 

Bulletin Editor 



Dunlop, David L "An Energy Environment 
Simulator Its Effects on Energy - Related 
Attitudes" Journal of Environmental 
Education 10(4):43-48, 1979. 
Envirometrics. Inc. The River Basin Model: 
Computer Output. Washington, DC. 
U S Environmental Protection Agency 
Office of Research and Monitoring, 
1971. ED 079177. 
Flake, Janice L. Interactive Computer 
Simulations for Questioning Mathe- 
matics Methods Students in Question- 
mg Behaviors. 1974. ED 128 198. 
Flowers, John D. Making Water Pollution a 
Problem in the Classroom through 
Computer-Assisted Instruction. A 
paper presented at the annual confer- 
ence of the National Association of 
Biology Teachers, Boston, MA, October 
1980. ED 196 702. 
Forrester, Jay W. World Dynamics. Cam- 
bridge. MA: Wright-Allen Press, 1971. 
Fortner, Rosanne W. and Victor J. Mayer. 
"The Effect of Microcomputer Use on 
Computer Awareness of College Stu- 
dents" (Abstract). Ohio Journal of 
Scie.nce 84(2):39, 1984. 
Friediand, James. Huntington II Simula- 
tion Program-PH: Student Workbook, 
Teacher's Guide, and Resource Hand- 
booi' Maynard, MA: Digital Equipment 
Corporation, 1973a. ED 179 413. 
Friediand, James, Huntington II Simula- 
tionProgram-TAG: Student Workbook, 
Teacher's Guide, and Resource Hand- 
book. Maynard, MA: Digital Equipment 
Corporation, 1973b. ED 179 416. 
Friediand, James. Huntington II Simula- 
tion Program-USPOP: Student Work- 
book, Teacher's Guide, and Resource 
Handbook. Maynard, MA: Digital 
Equipment Corporation 1973c. ED 179 
417. 

Friediand, James and Austin Frishman. 
Huntington II Simulation Program- 
MALAR: Student Workbook, Teacher's 
Guide, and Resource Handbook May- 
nard, MA: Digital Equipment Corpora- 
tion, 1973. ED 179 412. 

Frishman, Austin. Huntington II Simulation 
Program-RATS Student Workbook, 
Teacher's Guide, and Resource Hand- 
book. Maynard, MA: Digital Equipment 
Corporation, 1974. ED 179 415. 

Gelovan, Viktor. "An Interactive Modelling 
System as a Tool for Analysing Com- 
plex Socio-Economic Problems." Im- 
pact of Science on Society 31(4):413- 
422, October-December1981. 

Geyer, T. A. "An Introduction to Writing 
Computer Programs in Ecology: Its 
Educational Value." Journa/o/fi/o/og/' 
ca/Edwca//or? 17(3):237- 242, Fall 1983. 

Grier, James W. "Ecology: A Simulation 
Model for Small Populations of Ani- 
mals." Creative Computing 6(7):116- 
121, July 1980. 

Hall, Edward C. Jr. "Project for an Energy- 
Enriched Curriculum Microcomputer 
Project." Nature Study 34{3-4):36, 
March 1984. 

O 

ERLC 



Haller, Richard. Simulating Global Futures. 
Operating Instructions for WORLICS. 
Columbus, OH. The Ohio State Univer- 
sity, Behavlorlal Sciences Laboratory, 
1972. 

Hayes, W. B. and G. 0. Allard. "A Mineral- 
Exploration Exercise Based on an Inter- 
active Computer-Simulated Drilling 
Program." Journal of Geological Edu- 
cation 29(5):247-250, November 1981. 

Helgeson, Stanley L. Microcomputers and 
Science Teaching. Columbus, OH: 
ERIC/SMEAC Science Education Fact 
Sheet No. 3,1982. 

House, Peter. Development of Metropoli- 
tan (CITY III) Model. Washington, DC: 
Envirometrics, Inc., 1970. ED 048 774. 

Hughes, Barry B. International Futures 
(IFs): A Global Issues Simulation for 
Teaching and Research. Cleveland, 
OH: Cleveland Foundation, 1981a. ED 
202 790. 

Hughes, Barry B. "International Futures 
Simulation." Pipeline 6(2):62, Fall 
1981b. 

Hull, Peter. "An Interactive Computer Pro- 
gram to Construct Adaptive Land- 
scapes and to Simulate the Changes 
Expected with Selection " Journal of 
Biological Education 12(l):21-26. 
March 1978. 

Ingersoll, Gary M. and others. "Micro- 
compute.^ m American Public Schools: 
A National Survey." Educational Com- 
pt;/er3(6):28,30-31, October 1983. 

Ingoldsby, Tim C. "Confessions of a 
Microcomputer Illiterate, or You Too 
Can See the Light." Tho Phvsics 
reac/7er16(7):34-36, October 1978. 

James, Mark. "METRO-APEX, an Ongoing 
Task for fcnvironmental Research. 
Teac V(»g, and Education." In Environ- 
mental Education in Action I: Case 
Studies of Selected Public School and 
Public Action Programs, Clay Schoen- 
feid and John Disinger, eds. Columbus, 
OH. ERIC/SMEAC, 1977, pp. 183-194. 
ED 141 185. 

Kent, J W. "Exploring the Realized Nicne: 
Simulated Ecological Mapping with a 
Microcomputer." Journal of Biological 
Education 17(2).131-136, Summer 
1983. 

Kidd, N. A. C. "Simulation of Population 
Processes with a Programmable Poc- 
ket Calculator." Journ,^l of Biological 
Education 13(4).284-290, December 
1979. 

King, Anne Truscott. Impact of Computer- 
Based Instruction on Attitudes of Stu- 
dents and Instructors. A Review, Final 
Report. Brooks Air Force Base, TX. Air 
Force Human Resources Laboratory, 
1975. ED 112 872. 

Klaff, Vivian and Paul Handler. CompL*:" 
Assisted Instruction of Population Dy- 
namics: A New Approach to Population 
Education. Champaign-Urbana, IL Uni- 
versity of Illinois, Coordinated Science 
Laboratory, Report No. T-19, 1975. ED 
113 269- Q 



Kulik, James A. and others. "Effects of 
Computer-based Teaching on Secon- 
dary School Students." Journal of Edu- 
cational Psychology 75(1 ).1 9-26, 1 983. 

Le vow, Roy B. COFLO:A Computer Aid 
for Teaching Ecological Simulation. 
Boca Raton, FL. Florida Atlantic Uni- 
versity, Department of Mathematics, 
1973. ED 084 780. 

Liao, Thomas T. "Microcomputers: Tools 
for Developing Technological Liter- 
acy." Weaver of Information and Per- 
spectives on Technological Literacy 
1(2):1 a Spring 1983. 

Luehrmann, Arthur. "Technology m Sci- 
ence Education." The Journal of Com- 
puters in Mathematics and Science 
Teaching 1(4):13-17. Summer 1982. 

Macko, John L "INTERP: A Computer 
Simulation Game of the Interpretive 
Planning Process." Master of Science 
thesis. The Ohio State University. 1 982. 
ED 221 379. 

Maier, Mark H. and Thomas Venanzi. 
"Simulations In a Science and Society 
Course." Journal of College Science 
Teaching 13(4)300-301,303, February 
1984. 

Mandell, Alan. "Microcomputers in Sci- 
ence Classrooms and Laboratory." 
Science Activities 1 9(3):26-28, 1 982. 

Manning, Robert E. and Fletcher I. Potter. 
"Computer Simulation as a Tool in 
Teaching Park and Wilderness Man- 
agement." Journal of Environmental 
Education 15(3):3-9, Spring 1984. 

Mathls. A. and others. "College Students* 
Attitudes toward Computer-Assisted 
Instruction." Journal of Education Ps/- 
cfto/ogy 61:46-51, 1970. 

Mayer, Victor J. and others. PCBs in Fish: 
A Problem? Columbus. OH: Ohio Sea 
Grant Education Program. 1981. ED 
202 724. 

McLean, Harvard W. "Simulation Games. 
Tools for Environmental Education." 
Etemontary School Journal 73(7):374- 
380, April 1973. 

McLellan, A. R. and C. M. Rowland. "An 
Interactive Computer Program Model- 
ling the Colony Dynamics of a Social 
Insect, the Honeybee." Journal of Bio- 
logical Education 1 7(4):31 1 -31 4, Win- 
ter 1983. 

Meadows, Dennis L. and others. The Limits 
of Growth. New York. Universe Books, 
1972. 

Mills, Terence J. "A Study of the Relation- 
ship between Information and Attitude 
for Users and Non-Users of Computer- 
ized Water Resource Management Sim- 
ulation." In Monographs in Environ- 
mental Education and Environmental 
Studies, Volume I, Arthur B. Sacks, ed. 
Columbus, OH: ERIC/SMEAC, 1984, 
pp. 151-171.se 045 231 

Naiman, Adeline. Microcomputers in Edu- 
cation. An Introduction. Chelmsford, 
MA: Northeast Regional Exchange, 
1982. 



Northwest Regional Educational Labora- 
tory. Computer Oriented Exerases or) 
Attitudes and U.S. Gasoline Consump 
tion, Attitude, Student Guide. Portland, 
OR: NREL, 1975b. ED 167 372. 

Northwest Regional Educational Labora- 
tory. Computer Oriented Exercises on 
Attitudes and U.S. Gasoline Consump- 
tion, Attitude, Teacher Guide. Portland, 
OR. NREL. 1975c. ED 167 371. 

Northwest Regional Educational Labora- 
tory. A Computer Oriented Problem 
Solving Unit, Consume, Student Guide. 
Portland, OR: NREL. 1975d. ED 167 
374. 

Northwest Regional Educational Labora- 
tory. A Computer Oriented Problem 
Solving Unit, Consume, Teacher Guide. 
Portland, OR. NREL, 19756. ED 167 
373. 

Northwest Regional Educational Labora- 
tory. A Computet Simulation of the U.S. 
Energy Crisis, Student Guide. Portland, 
OR: NREL, 1977a. ED 167 370. 

Northwest Regional Educational Labora- 
tory. A Computer Simulation of the U.S. 
Energy Crisis, Teacher Guide. Portland, 
OR: NREL, 1975f. ED 167 369. 

Northwest Ret^ional Educational Labora- 
tory. The Global Energy Situation on 
Earth Student Guide. Portland, OR. 
NREL, 1977b. ED 167 368. 

Northwest Regional Edu:ational Labora- 
tory. The Global Energy Situation on 
Earth Teacher Guide Portland, OR. 
NREL, 1975a. ED 167 367 

Northwest Regional Educatlu 'al Labora- 
tory. Our U.S. Energy Futt % Student 
Guide. Portland. OR: NREL, 977c. ED 
167 366. 

Northwest Regional Educational Labora- 
tory. Our U.S. Energy Future, Teacher 
Guide, Portland. OR: NREL. 1978. E;0 
167 365. 



Rago. Paul J. "An Interactive Optimization 
Game for Examining Tradeoffs between 
Economic and Ecological Values." 
Journal of Environmental Education 
t5(3):10-16. Spring 1984. 

Rakow. Steven J. and Allen Glenn. The 
Acid Ram Game." Science Activities 
19(4).20-24. November-December 
1982. 

Rubin. Howard and Jacob Geller. "Com- 
puter Simulation as a Teaching Tool in 
Biology-A Case Study: The Biological 
Systems Analysis and Simulation La- 
boratory of the City University of New 
York." Journal of Computer-Based In- 
struction 3(3):9^ -96, .377. 

Schar. John Forrest "The Implementation 
and Evaluation of Microcomputer Sim- 
ulations in a College-Level Environ- 
mental Education Course." Master of 
Science Thesis. The Ohio State Uni- 
versity. School of Natural Resources. 
* 1983. 

Schwartz. H. H. and H. S. Long. "A Study of 
Remote Industrial Training Via Com- 
puter-Assisted Instruction." Journal of 
Applied Psychology 5^.^^-^e, 1977. 

Sell. Nancy J. and Thomas E. Van Koever- 
ing. "The Energy-EnvironmentStmula- 
tor as a Classroom Aid." Journal of 
Computers in Mathematics and Sci- 
ence Teaching 1 (2): 20-22. Winter 1 98 1 . 

Sell. Nancy J. and Thomas E. Van Koever- 
ing."TheEnergy-EnvironmentSimula- 
tor as a Classroom Aid." School Sci- 
ence and Mathematics 81(7).581-584. 
November 1981. 

Traberman, Tama. "Using Microcom- 
puters to Teach Global Studies." Social 
Education 48(2)130-137. February 
1984. 

United States Environmental Protection 
Agency. A Guide to Models in Govern- 
mental Planning and Operations. Wash- 
ington. DC: U.S. EPA Office of Research 
ana Development, 1974. 



Unwin. Dav'id Teaching a Model-based 
Climatology Using Energy Balance 
Simulation." Journal of Geography in 
Higher Education 5(2). 133 -138. Octo- 
ber 1981. 

Vala iez, Joseph J. "Global Systems Sim- 
ulation. A Civil Servant Model for Multi- 
national Participation." Simulation and 
Ga/7;es 14(4):41 7-428, December 1 983. 

Visich, Marian J. and Ludwig Braun. The 
Use of Computer Simulations in High 
School Curricula. Stony Brook, NY. 
SUNY at Stony Brook. 1974. ED 089 
740. 

Watson. Robert. "The Island of Terra: A 
Computer-Aided Simulation of World 
Resources Problemo Designed for 
Lower-Achicving Secondary School 
Pupils." Simulation/Games for Learn 
/V7g13(2):64-71. Summer 1983. 

Whittredge. Karen. "Using Computer 
Games and Simulations in the Class- 
room." Environmental Education Re- 
port 1 0(5):6-7. A jgust-September 1 983. 

Wilkenfeld. Jonathan. "Computer-Assis- 
ted International Studies." Teaching 
Political Science 10(4).171-176. Sum- 
mer 1983. 

Wilson. Fred L. "Energy and the Environ- 
ment: An Approach to Teaching Model- 
ing th^t Breaks the Hearing-I.mpaired 
Student's 'Limits to Growth.'" Com- 
puters and Education 4(3).213-224. 
1980. 

Zieltnskt. Edward J. and Lowell J. Bethel. 
"Winning the Energy Game." Science 
reac/ier 50(1 ):55-56, January 1983. 



ERIC® Clearinghouse for Science. Mathematics 

and Environmental Education 
The Ohio Stc'te University 
1200 Chambers Road. 3rd Floor 
Columbus, OH 43212 
4230-710946 



ADDRESS CORRECTION REQUESTED 



NONPROFIT ORG. 

U.S. POSTAGE 
PAID 
COLUh/lBUS, OHIO 

PERf^lTNO. 711 



ERIC 



9 



